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Abstract

Analysis of air gun signatures indicates chat
the signal is sufficiently repeatable to serve as
a reliable high-level, low-frequency sound source
for at-sea experiments involving the device as a
cxlibrated source. Development of computer pro--
grams for analyzing the data was a significant
part of this study, and the resulting program
library should be helpful in future work requir-
ing evaluation of impulse-type sound sonices,

Problem Status

This is an interim report on one phase of the problem.
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Project RF 11-121-403--4471

Manuscript submitted 1 June 1972.

ii




RIS R R S R SRR E RS WA

BUBBLE FREQUENCIES OF LIR GUN SOURCES

Introduction

Impulse~type sound sources are being studied to determine their use-
fulness as signal generatoxs for calibration measurements. This report
describes acoustic measurements and analysis of data resulting from
experiments performed with the NRL (PAR-~-type} air gun at the Underwater
Sound Reference Division's Leesburg Facility.

The primary purpose of the experiments was to obtain sufficient data
to characterize the predominsnt frequencies in and the equiwalent source
levels of the air gun accustic signature as functions of chamber size and
air pressure under conditions closely approximating those of a free field.

Seven air chambers ranging in volume from 1 to 40 in3 were used in
the gun at actuating air pressares from 500 to 2000 lb/in2 in steps of
500 lb/in?, Although it is wirtually impossible to eliminate all of the
reflections from boundaries of the confined sites in which the period
reguired to record the signal is long in comparison with the reflection
travel time, the effects of the refl-.ctions were minimized by the proper

choice of distances with respect to the boundary conditions at the
measurement site.

Conmputer programming reguired to process data from this investigation
was extensive. The main software package consists of programs for data
tape assenmbly, cross-correlation of data, curve averaging, fast Fourier
transformation (FFT), Fourier spectrum interpolation, and data scaling.
These pregrams are written in machine language for use on a Digital
Equipment Corporaticn PDP-8/L computer. They are essentially magnetic
tape coriented such that they can process large amounts of data with little
interruption. Prcgranm tapes are stored in PS8 library format and can be
called into the computer at needed viq teletype instructions.

Description of Measurements

Figures 1 and 2 show the air gun as rigged for installation and its
location with respect to the measurement hydrophones and water surface.
Signals to be measured were initiated by means of the electrically acti-
vated solenoid triggering arrangement shown schematically in Fig. 3.

Pressurized air is released explosively through the chamber ports as the
released shuttle sorings upward.
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Fig. 1.
acoustic signature experiwents.,

Reproduced from

best available copy. @
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For each set of experimental
conditions, the initial shot was
fired for preliminary oscilloscopic
evaluation. Subsequent shots were
fired at one-minute intervals to
provide sufficient data for analy-
gis. Earlier, 10 shots were made
in each series, but as the repeata~
bility of the signatures became
evident by the time the 10~in3
chamber was installed in the gun,
the nurnber of shots per series was
reduced to 5 (Fig., 4).

Acoustical data were recorded
on two data channels that differed
only by the hydrophone spacing to
provide duplicate readings at dif-
ferent distances as a check on
spherical spreading loss and to
increase the confidence level of
the data. One channel of the elec-
trical circuitrxy for these measure-~
ments is shown schematically in
Fig. 5. The gain of this circuitry
is constant within 0.5 dB in the
frequency range from 15 Hz to 10 kHz,

} Water surface

Fig., 2. Physical arrange-
ment of air gun aud
measurement hydrophones.
{Note: Surface reflec-
tion arrxival estimated at
24 msec, sidewall reflec-
tion arrival estimated at
24 msec, and first bottom
reflection arrival esti~
mated at 50 msec, approxi-
mately 20--30 4B down.)
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Fig. 3, Sectional view of air
gun showing air release by
upward movement of shuttle,

Reproduced from
best available copy.

and its dynamic range preceding the
tape recorder is sufficient to
receive a peak input of 0.04 V,
which is more than adequate. This
circuitry requires some attenuation
adjustment to maintain signal

levels within #1 V at the tape
recorder. Prefiltering was not used
in either analog recording or later
processing.

In addition to magnetic *ape
data recordings, photographs were
taken at the input, and, in some
cases, at the output of the tape
recorder, with a stourage oscillo-
scope and a Polaroid camera.
Experimen+*nl data were obtained by
photoygraphiing the oscilloscope
trace for the initial shot of each
series at the input of the tape
recorder; the next shots in the
series were recorded and stored in
the storage oscilloscope. The

Fig. 4. Photograph of
oscilloscope overlay of
signatures from five suc-
cessive shots of air gun
with 10-in3 chamber at
2000 1b/in? pressure.
Time scale: one large
division equals 5 msec.
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Fig. 5. Block diagram representing one data channel
for measurement of air gqun signatures.

overlaid stored data displayed on the oscilloscope screen then were
photographed. A typical photograph of such a series is shown in Fig. 4.

Data Processing

Initial daca processing entailed evaluation of the raw photographic
data to estimate the bubble resonance associated with each measurement
condition and the peak sound~pressure level produced. The next step in
data processing was a spectral analysis of the analog data by means of a
digital computer. At the start of the project, little of the available
software was suitable for this kind of analysis; consequently, its
development became & significant part of the study.

At first it was planned to digitize the analeg signatures and write
a computer program that would average digitized signatures for each
experimental condition to obtain a curve that could be transformed to the
frequency domain by fast Fourier transform processing. It soon became
apparent, however, that because of erratic level changes in the trigger-
ing signal used to initiate the digitizing process, time coherence
between the individual digitized signatures was insufficient to permit
direct digital averaging. This problem was sclved by developing a
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cross-correlaticn program to provide the best time coherence between
digitized sets of data for averaging purposes.

Because the output of the digitizer was put on tape in record-channel
sequence, it was ne~essary to develop a data asserbly program for creat-
ing a new data tape containing the separated signals in their proper
order for subsequent processing by the cross-correlation and averaging
programs., The results of these programs then were passed through the FFT
program, which has the capability for printing out either the magnitude
of the line spectrum from each signature or the complex values as speci-
fied by program instructicns., These outputs are stored on tape also, for
use with a plotting program or for further analysis.

If, after FFT processing, spectra need to be examined in finer detail,
they may be passed through an interpolation program that will, within a
selected frequency range, provide the regquired interponlation and store
these results on tape. Finally, all data and results can be related to a
specified reference level by a logarithmic scaling program, which can
produce both data tapes and printouts in decibel units.

Printouts are available at several points in these programs, as, for
example, in the FFT and tape assembly programs. In addition, the aver-
aging program computes the mean square deviation of each point of the
averaged sets of Adata and outputs these results to tape.

Results

Figure 6 presents theoretical values of the air gun's bubble reso-
nance frequency computed from Minnaert's equation for the oscillation of
small air bubbles [l]. These values are approximately 22% higher than
those measured for the l- and 1.4-in3 chambers, but are only about 3%
higher than the rescnance frequencies of larger chambers. For compari-
son, the results shown in Fig. & were weighted to correspond with data
from the measurements made with larger chambers. Assumed in the computa-
tion are isothermal conditions and an initial enerqy equal to PV, where
P is the gun chamber air pressure and V is the chamber volume., Figure 7
shows bubble resonance derived from photographic data. These results
generally <4ow the changes predicted by theory, except “eor that measured
between the 1.4 and 5-in3 chambers. This discrepancy cannot he explained
at present, Figure 8 presents peak values of sound pressure as derived
from photographic data.

Figure 9 shows the bubble resonantzs obtained by FFT spectral analy-
sis. No data are given for chamber sizes above 10 in3 because the
rexults obtained by this method are not cunsidered valid for the larger
chamers. The 'unreliable results for the larger chambers are due to the
cheice of the digitizing rate used to ronvert the analog data. This
choice was influenced by the fact that while the main resconances of the
1-in3 cylinder range up to only 1i5 Hz, in genera!, the rise =.me of the
signatures indicated a frequency content up t¢ 5 kHz., 1t therefire
appeared that the chosen digitizing rate shut.d be sutiir:ent to preserve

(1]
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Fig. 6. Theoretical bub-
ble resonance (adjusted)
for various air gun cham-
ber volumes; water depth
corrected to 27.7 m,
Chauber volumes (in3): &,
1.0; B, 1.4; C, 5.0; D,
10; E, 20; F, 30; G, 40.

Fig. 7. Air gun reso-
nance as measured from
amplitude-time data ver-
sus air pressure; water
depth corrected to 27.7 m.
Chamber volumes (ind): A,
1.0; B, 1.4; C, 5.0; D,
10; E, 20; F, 30; G, 40.




R AR A A MG A I e R G deea ol 35 D S C S LRI B i e T e S ORI R P M e L KO
*

TR ORI LTINS

R SRR .

#

g

oo

om mm

3 7 ;

b 3 200— ]

. — C :

3 £ ,

3 o ‘

b o

F: . ~

i £

i —

Y Fig. 8. Peak sound pressure

2 © N

. 0 level of air gun shots versus ‘

£ — o . b3

3 v A air pressure. Chamber volumes %

3 o (in®): 2, 1.0; B, 1.4; ¢, 5.0; i

'F! D,- :’.0; E' 20; F, 30; G' 40.

£ 190

P 3

o 2

A w

A E i

< e §

e © i

4 = M

» 3 N

3 wo ]

3 3

K :
¥

pu—
o8

5 1.0 1.5 2.0x103 :
Air pressure (1b/in2 gage)

b :
: 150 .
P N Fig. 9. Air gun reso-

G Z 100f nance as measured via

A > FFT vercus air pressure.

4 = Chamber volumes (in3):

G £ A, 1.0; B, 1.4; C, 5.0;

b o D, 10.

’ fr

0.5 1.0 1.5 2.0x103
Air pressure (1b/in2 gage)




! this signature frequency content. Because the signals produced by the

: gun were reasonably periodic, it was felt that it would be unnecessary to
sample complete signatures obtained with the larger gun chambers. To
preserve 5 kHz, a sampling rate of 10&E0 words per second was chosen.
This sampling rate, for the computer word~handling capability available at
that time, resulted in a sample period of 0.1 sec, which is roughly one-
half that of the signature period of th: largest chamber at the highest
operating pressure. The results obtained indicate that the sampling
period used was too short and caused blurring of the spectral data for
the larger chambers. Also, no frequency separation is apparent between
resonance data for the l- and 1.4-in? chambers, even though the predicted
separation of pressure levels for these signatures was obtained (Fig. 10j.
This effect may be the result of some high~frequency noise content in the
analog signals. If cthe data were to be reprocessed, a lower digitizing
rate and some low-pass prefiltering of the analog signals would be
advised.

190 Figure 10 presents sound pres-

. sure levels at a distance of one
meter from the source, as determined
— D from spectral analysis. Pressure
differences between the results for
1.4- and 5-in3 chanmbers appear to
be consistent with photographic
findings that previously were shown
to differ from theoretical
predictions.

!

Sound pressure level at 1 m (dB re 1 uPa)

180, Conclusions
) B Results of these experiments
‘- confirm the feasibility of using
A the air gun is a calibrated high-
level, low-freguency source in
o underwater sound exneriments. Fre-
quency and amplitude control may be
exercised by selection of applied
- air pressure and choice of chamber
size. The computer programming
l developed as a part of this problem
170 will be useful in future evaluation
0.5 1.0 2.0x103 of analog data from impulse-type
Air pressure {1b/in% gage) sources.
Fig. 10. Sound pressure level
per hertz at resonance versus References
air pressure for various chamber
sizes. Chamber volumes (in3): [1] M. Minnaert, "On musical air
A, 1.0; B, 1.4; C, 5.0; D, 10, bubbles and the sounds of run-

ning water," Phil. Mag. (7) 16,
235-248 (1933).




